The distribution of river runoff throughout the year is determined by climatic and bedrock surface factors. Climate influences the overall moisture during the year and runoff regime phase periods. Bedrock surface (the size of a river basin, its lithological composition, and forest area in the river basin) might cause fundamental changes to the runoff regime formed by climatic factors [1] [2] [3] .
Introduction
The distribution of river runoff throughout the year is determined by climatic and bedrock surface factors. Climate influences the overall moisture during the year and runoff regime phase periods. Bedrock surface (the size of a river basin, its lithological composition, and forest area in the river basin) might cause fundamental changes to the runoff regime formed by climatic factors [1] [2] [3] .
Recently, cases of ill-timed floods throughout the world have come to the news more and more frequently. It has been estimated that the amount and intensity of precipitation has grown 10 times during the second half of the 20 th century [4] [5] [6] .
In the context of global climate change, climatologists have not yet recorded fundamental changes in multi-annual precipitation patterns but have established its clear seasonal distribution, i.e. winter precipitation has increased significantly while that of summer has seen a significant decrease [7] [8] [9] [10] [11] .
A number of researchers have engaged in the analysis of runoff formation conditions, particularly while analyzing the impact of land-use structures on river runoff [12] [13] [14] [15] . H. Pauliukevicius [16] looked into the impact of land use on small river basins runoff. The research has demonstrated a slight and moderate inverse correlation of average annual runoff module with forest area and direct correlation with arable land area in small river basins with varied land use at the end of a low-moisture period and the beginning of a higher moisture period.
However, the amount of scientific research focusing on the aspects of runoff formation in terms of lithological structure of a river basin is scarce; moreover, the existing ones deal with it in terms of water quality since infiltration characteristics of lithological structures determine the quality of both runoff and water [17] [18] [19] [20] .
Following thorough analysis of the lithological structure of river basins, this article aims at evaluating river runoff formation characteristics.
Materials and Methods
Eight river basins of typical lithological structure were selected throughout the territory of Lithuania, where longterm water measurements take place, namely sandy ones including the rivers Ula, Mituva, and Zeimena; argillaceous ones including the rivers Verkne and Sesuvis; and loamy ones including the rivers Nevezis, Levuo, and AkmenaDane (Fig. 1) . The lithological factor of the basins was calculated based on large-scale quaternary and Lithuanian river maps M 1:10,000 using ArcGis software. Four classes were identified according to soil composition: 1) sand 2) loam-sandy loam (further on referred to as loam) 3) clay 4) swamps and peatbogs.
Infiltration indices were computed for the purpose of further analysis. Lithological analysis of selected parts of river basins was carried out and, where it was possible and long-term water measurement station data was available, "clearest" territories in terms of analysis were identified. In order to carry out more thorough analysis of the influence of lithology in given territories, sections along the riverbed of 0-50 m, 50-200 m, 200-500 m, 500-800 m, 800-1000 m, and >1000 m were identified, calculating the distance in meters from the riverbank. Each sections' lithological structure was established.
Quantitative assessment of groundwater in river basins is based on the evaluation of several environmental components (the structure of precipitation, evaporation, runoff, surface split, sediments, and land use). Empirical formulas that describe the quantitative values of these components are used for assessment. In order to assess the infiltration speed, formulas for different intensity precipitation are used [21] .
To evaluate the influence of the river runoff of sediment, a water balance equation [22] was used:
...where R -runoff depth, (mm); f -section along the riverbed, starting from the farthest from the river; K f -pre- The Lithuanian Hydrometeorological Service data of runoff and meteorological conditions (precipitation) in 1960-2013 was used. The relationship between runoff and precipitation was established as well as that with the lithological structure, following derivation of a hydromodule.
Water sample analysis shows the momentary state of the hydrogeological conditions at the research point. It should be noted that hydrogeological conditions of the underground hydrosphere vary a lot in space and time, and that the groundwater is a dynamic system. Therefore, a sampling frequency and a distribution of monitoring locations in the researched area should be well analyzed and based on as much accurate and fuller assessment of geological and hydrogeological conditions as possible. By installing a monitoring point these conditions unavoidably are being more or less deformed: the natural structure of the sediments -a separating layer for the hydraulically watery horizons -is being broken, the underground watery horizon is being directly connected with the atmosphere, etc. In addition, certain conditions arise between the sediments and the monitoring point installed in them at the contact area with the wall. Because of these listed circumstances a certain error appears between the actual hydrogeological conditions of the layer and its values measured at the point of observation.
Results and Discussion
An important factor is regional and local river basin features, the settlement of which is often problematic. The amount of precipitation in river basins is estimated in several aspects: its quantity, duration, intensity, and frequency. Data of the nearest meteorological stations is used for research and is either interpolated or extrapolated. It is quite difficult to assess the quantity of effective precipitation, leading to the actual river basin water resources. For this it is necessary to know the precipitation retention and interception volumes. In addition, the evaluation of evaporation and infiltration in river basins require individual outside research.
An important indicator determining underground water resources is surface sediment infiltration features. Largescale (1:10,000) lithological and soil maps are suitable for sediment assessment. Precipitation infiltration conditions are determined by the horizontal and vertical river basin surface diffusion. One of the most important surface diffusion indicators that influences precipitation infiltration is a surface slope. Even a slight surface inclination leads to a rapid direct precipitation water run off the slope or its lower infiltration [21] .
Calculating the percentage of a sections' area in the analyzed basins revealed that more than 60% of the basin territory is covered by sections of 50-200 m and 200-500 m along all rivers, except for the Zeimena and Verkne rivers (sections of 50-200 m, 200-500 m, and 500-800 m, respectively) and the Ulan, where sections of 50-800 m cover approximately 40% of the basin territory; a section of >1000 m covers over 35% of territory. This distribution of section areas is directly influenced by the density of the hydrographic net [23] . This structure was considered in further calculations.
The results of analysis of sediments of sections is seen in Table 1 .
The analyzed parts of the Ula and Mituva basins covers the upper and middle reaches of the rivers. The sand covers 69.4% of the Ula basin area and changes gradually from 52.6% to 73.9% across sections. A part of the Mituva basin is covered by sand in 60.0% of the area, with a rather equal distribution (57.7-63.5%) in the sections of 0-1000 m, and 44.6% in the rest of the territory, namely a section of >1000 m. This basin structure, considering infiltration characteristics of wet clay, is likely to influence rapid change of runoff in terms of precipitation. Particularly small swamp and peatbog areas, covering only 0.5% in the sections of 0-1000 m, make 8.0% of territory in a section of >1000 m.
The analyzed territory of the Zeimena basin covers the river's middle reaches with a larger area of sand covering 60.2% of territory, reaching over 66% in the sections of 800->1000 m. The percentage of loam is smaller (18.6-26.9%) with small amounts of clay (Fig. 2 ). According to a number of authors, areas with 7% of territory covered by lakes and 15.3% covered by swamps and peatbogs influence equal distribution of moisture [3, 23] . Lithological structures are equally distributed across the basin, and only areas of loam and clay may be considered more significant in four territories in the upper and lower reaches. The upper reaches of Levuo River loam takes 68.2% of the territory, covering a larger part of the area in all sections and reaching 73.3-77.8% in the 200-800 m section. Attention should be drawn to swamps in the section of >1000 m, where they make 41.9% (Fig. 2) . The part of the river Akmena-Dane basin that was selected for examination is covered by 90.0% loam. The greatest percentage of loam (82.7-90.8%) is found in the sections of 0-1000 m.
The analysis of rivers with sand making approximately 60% of their basins showed that in the case of average annual level of precipitation of 1.45% probability, the probability of Ula runoff reaches 30.37%, that of the Zeimena reaches 51.03%, and that of the Mituva reaches 9.71% (Fig.  3) . This variation in runoff distribution was determined by other lithological structure elements and, most importantly, their distribution in separate sections. The greatest influence in the Ula and Zeimena basins was caused by swamp areas taking 12.5% and 15.3% of the overall basin area, respectively, and as it is widely known, swamps are a good water reservoir. The Mituva basin is distinctive for abundant areas of both sand and clay, particularly in the middle reaches. The analysis of the influence of the amount of precipitation on runoff in separate seasons led to the conclusion that in the case of maximum precipitation (1.45% probability) in the Ula, the runoff in spring was 44.83%, in summer it was 20.04%, and in autumn it was 34.50% probability. Since the river basin contains a large number of swamps and almost no clay areas (they make 0.8% of the basin, and all are located in the furthest section, in the south of the middle reaches), precipitation has no significant influence on river runoff. The situation in the Zeimena is rather different. Here, in the case of high levels of precipitation, the river runoff probability in spring was 30.37%, in summer it was 32.44%, and in autumn it was 51.03%. The river, similarly to the Ula, contains large sandy areas and a rather significant swamp area (15.3% of the basin). Moreover, the Zeimena basin includes approximately 0.7% clay areas located in four holdings. Mituva runoff in different seasons in the case of maximum level of precipitation has been identified as follows: in spring it was 7.64%, in summer it was 5.58%, and in autumn it was 3.51%. This river presents rather significant differences from the previously analyzed sandy ones like the Mituva basin contains, next to sandy holdings, numerous clay areas that make 16.9% of the basin and are distributed mainly in the lower reaches. Correlation coefficient was 0.83 (reliability 0.02) calculated between precipitation and runoff depth. Therefore, it has been established that in rainy periods with high amounts of precipitation, close-grained lithological structures are capable of preventing infiltration, which results in the water reaching the river channel through surface flow, thus increasing river runoff.
Analyzing rivers with basins where loam areas make over 70%, it has been noticed that in the case of an average level of precipitation probability of 1.45%, which constituted the maximum amount of precipitation in the analyzed period, runoff in the Akmena-Dane corresponded to 11.78%, that of the Levuo corresponded to 32.44%, and
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Litvinaitis A., et al. that of the Nevezis corresponded to those of 26.24% probability. Seasonal analysis suggested that runoff in the Akmena-Dane, in the case of maximum precipitation, in spring met 28.31% of probability, in summer it met 11.78% of probability, and in autumn 22.11%. A similar situation is observed in the Nevezis and Levuo rivers, but in the latter one the probability of established runoff showed that the runoff is smaller than that in the Nevezis. In the case of maximum level of precipitation, runoff probability in the Levuo and Nevezis rivers changed respectively as follows: 40.70% and 32.44% in spring, 53.10% and 46.90% in summer, and 13.84% and 11.78% in autumn. This difference might arise due to the fact that swamps make 14.3% of the overall area of the river Levuo basin; moreover, they are more equally distributed throughout all sections. Bigger amounts of loam have greater influence on seasonal runoff, which was revealed while analyzing the change of Akmena-Dane runoff throughout the year. Correlation coefficient calculated between precipitation and runoff depth was 0.75 (reliability 0.03).
The analysis of the change of runoff in the Sesuvis suggested that in the case of maximum level of precipitation river runoff was 5.58%, while in the Verkne it was 11.78% of probability. Seasonal analysis showed that in spring the runoff probability in the Sesuvis was 22.11% and in the Verkne it was 38.64%. In summer the runoffs changed respectively to 5.58% and 24.17%, and in autumn they were 3.51% and 17.98% of probability. The runoff probability of the Sesuvis is influenced by clay areas mainly distributed in the middle reaches and covering up to 30% of the section area. In the Verkne basin the correlation of precipitation and runoff is reduced by the presence of swamp areas making 7.5% and those of loam making up to 35% of the basin. The situation of the river resembles that of the Mituva as the areas of all lithological structures in their basins are similar. Correlation coefficient was 0.72 (reliability 0.02), calculated between precipitation and runoff depth.
Conclusions
In the analyzed basins of rivers attributed to the group of rivers with sandy lithology (over 60% of sand), sand areas in the sections increase moving to the direction opposite the river bank from 44.6% to 75.7% of section area; loam areas are the largest in the sections of 200-800 m (18.9-26.9%); clay areas are distributed unequally. Sand areas of over 50% in the basins, separate parts of a basin, or sections have inversely proportionate influence on river runoff.
The most intensive infiltration of precipitation takes place in the basins with dominant sandy sediment. Generally the sandy sediment infiltration coefficient concluded to 6.2 m/day.
The direct surface runoff and low infiltration conditions were mainly determined in the river basins of loamy sediment. Infiltration coefficient of loamy sediment reached 1.3 m/day.
The changes of direct surface runoff and infiltration conditions were mainly predetermined by the changes of land use structure in the investigated river basins and especially by the expansion of urbanized areas.
It has been established that larger (over 12 km 2 ) homogenous argillaceous areas have double impact on runoff: direct in periods with precipitation probability of 11.78-55.17% and inversely proportionate in period with precipitation probability of 69.63-98.55%. In river basins of the loamy group of rivers, loam areas make 68.2-90.0% of the basin area with largest loam areas registered in the sections of 200-500 m. With loam percentage in a river basin, part or section of a basin lower that to 70%, the characteristics of correlation of precipitation and runoff resemble those of sandy river basins and in the case of those with loam percentage higher than 70%, the relationship between precipitation and runoff resembles that of argillaceous basins. Reliable correlation coefficients of 0.72-0.83 were calculated between precipitation and runoff depth.
